Purpose -The purpose of this paper is to show how rapidly evolving information technology has dramatically changed the knowledge dissemination process. However, many of them lack a generic evaluation process to verify the system's performance. In an attempt to solve this problem, this study seeks to propose an agent-based model to provide a dynamic, flexible framework for performance evaluations of e-learning projects. Design/methodology/approach -The paper proposes an agent-based model which comprises a learning model, balanced scorecard and option-pricing approach to evaluate the performance of an e-learning project.
Introduction
Most e-learning projects require huge amounts of organizational resource such as money, time, and human training. It is necessary to monitor dynamic performance changes of the e-learning project to help organizational managers making immediately decisions. However, it is difficult to evaluate e-learning performance because there are too many qualitative/quantitative factors exist. Meanwhile, e-learning environments change so rapidly that decision makers have to dynamically adjust their development strategies in order to maximize the entire project's performance. Thus, it is ideal to introduce concepts of risk management concepts to help decision maker delivering real time responses associated with uncertainties. In an attempt to provide dynamic evaluation solutions, this study proposes an agent-based framework that combines balanced scorecard and real option analysis approaches to help organizations dynamically and automatically analyze their e-learning projects" performance and make fundamental decisions.
Background and purpose
It is known to researchers that an e-learning environment changes so rapidly that administrators require dynamic monitoring models to provide real time managerial information. With this regard, it may be ideal to apply agent-based technology for real-time monitoring because such concepts have been well constructed for information gathering and performance monitoring for years (Klusch, 2001; Jonker et al., 1999; Preece et al., 1999; Beer et al., 2002) . Klusch (2001) defined that an information agent is a just-in-time autonomous and computational software entity that can proactively acquires, mediates, and maintains relevant information on behalf of users or other agents no matter whether those resources are single or multiple, heterogeneous or geographically distributed. In short, the term "agent" is a type of autonomous and computational software which can be implemented to monitor complex situations. Unfortunately, such a concept has not yet been focused on a learning project's performance evaluation. Thus, this paper tries to model autonomous e-learning performance agents for delivering real-time managerial information through collaboration, communication, and dynamic alerts between individual agents.
In order to construct a performance evaluation framework, the evaluation objectives should be first clearly defined by project administrators. Thus, this study adapts the concepts of the balanced scorecard (BSC) which was first developed by Kaplan and Norton in the early 1990s (Kaplan and Norton, 1992 , 1993 , 1996 and which has subsequently been widely adapted for making business strategies. The most widely adapted function of the BSC is the management performance system to align its vision and mission by demonstrating four different perspectives:
(1) financial; (2) customer; (3) internal process; and (4) capacity.
Some research indicates the possibility to apply BSC concept to plan and evaluate the learning project (Forbes and Hamilton, 2003; Chiu et al., 2007) . Meanwhile, this study determines the e-learning BSC perspectives based on Kirkpatrick's learning evaluation theory (Kirkpatrick, 1959; Kirkpatrick and Kirkpatrick, 1994) in which are proposed four levels of learning including reaction, learning, behavior, and results. As a result, it will be easier for mapping Kirkpatrick's theory to the general four visions of BSC. Although the BSC model can help administrators make managerial decisions, such a model cannot reveal the most important information such as "will this project be successful?" or "what is the key success/failure objective?" Thus, this study applies real options approach (ROA) to answer these questions. The term "option" is a privilege sold by one party to another that offers the buyer the right, but not the obligation, to buy (call) or sell (put) the underlying asset at an agreed-on price during a certain period of time or on a specific date. It has been explained by Cox and Ross (1976) that the option price is the "expected value" of payoff discounted at the risk-free interest rate over the risk-neutral distribution of the underlying asset. The initial ROA framework focuses on the increased value of abandoning a project and liquidating the assets (Myers and Majd, 1990) that is based on the effectiveness of resource rearrangement to maximize the entire system performance (Brach, 2003) . This study finds out that an organization can use the EL 26,3 traditional BSC model to perform top-down strategy planning and applies the ROA approach to evaluate the e-learning project's performance.
Performance evaluation of e-learning Following the emergence of computer-based training (CBT) in the 1980s, internet-based learning in 1990s, and web-based live instructor-led training in the new millenniums, the term "e-learning" means an approach that facilitates and enhances learning through both computer and communications technology. Communications technology enables the use of the Internet such as distance learning, web-based learning platforms, collaborative authoring, virtual learning communities, multi-media/rich streaming media, course management software, and digital libraries, reusable learning objects. Organizations can adapt the latest technology to improve their learning environment under budget restrictions.
However, it is safer to consider "e-learning" as a significant extension of tradition learning instead of replacement (Henderson, 2003; Saeed, 2006) . Newer technologies do not usually replace the older ones, just like new learning methodologies will not always replace the older methodologies. The theories of e-learning are built on existing learning methodologies with huge difference. For example, collaborate learning, active learning, or internet cognitive courses have been widely adopted along with classroom courses or been blended together with tutorial modules. E-mails, forums, web pages, multimedia, blog, or wikipedia have been applied as new tools of learning. Meanwhile, the learner's behavior change from traditional learning to e-learning cannot be ignored. This study strongly emphasizes that learning from the internet and computer-assisted tools could be the paradigm shift of traditional education. Thus, organizations must carefully evaluate their e-learning projects by treating it as a continuous improvement of long term organizational strategies.
E-learning is expected to provide a higher quality learning experience, available anytime and anywhere, effectiveness/efficiency and with an even greater cost saving regarding the traditional learning environment. However, the effectiveness/efficiency of e-learning has become a controversial issue in the past few years. Many teachers disagree that the e-learning environment is a better way for learning, while others (mostly system developers) try to verify the performance of e-learning because "e-learning" is a fuzzy and growth domain which contains countless impacting factors which change quickly over time. For examples, e-learning materials can be instructor-led or self-directed (without instructors), scheduled or unscheduled, synchronous or asynchronous depending on the topics and organizations/trainers/learners requirements. "E-learning evaluation" is especially complex because it must integrate four distinct domains:
(1) learning evaluation; (2) IT improvement; (3) project management; and (4) organizational management.
Although the formal or informal benefits of e-learning systems cannot be properly identified by most organizations, most organizations agree that e-learning may cause "paradigm shift" of learning behavior and thus increase the organization's tangible or Performance evaluation intangible value. Some approaches (Valcheva and Todorova, 2005) have been adopted to evaluate e-learning effectiveness such as comparison with traditional learning, tools and instruments, product evaluation, performance evaluation, return on investment, or comparison with a hypothetical system. Nevertheless, all these methods lack universal and quick analytical procedures (Chiu et al., 2007) . This study tries to construct an analytical framework to evaluate e-learning project's performance with objectives listed below:
. be easy to understand;
. be ready to use;
. be easy to analysis;
. be readily applied by most organizations;
. performs top-down analysis;
. be target-oriented;
. provides flexibility;
. provides real time analysis capability; and .
provides managerial information about the project's success.
This study proposes a comprehensive framework with the above objectives by integrating agent-based systems, balanced scorecard, and options pricing analysis for e-learning project's performance evaluation. The agent-based system can be packaged in a user-friendly interface which is easy to understand and analysis for decision makers. Meanwhile, the proposed framework can also provide efficient flexibility in a dynamic, complex, and continuously changing environment.
Design performance agents for e-learning project Supposing an organization is running an e-learning project that should be periodically examined (hourly, daily, or monthly) for its performance because the decision makers have to analyze the project's current status and ensure the success at deadline. The deadline can be an annual checkpoint for a long-term project or be a checkpoint between development phases. Moreover, the decision makers also want to dynamically identify the key success/fail factors of the project. In this case, it is ideal for an organization to apply automatic agents to identify the e-learning project's perspectives and objectives in order to achieve the project's goals. Meanwhile, the "satisfactory" level of each objective may change due to internal or external situations. Thus, this study applies ROA approach to analyze the BSC perspectives and related objectives to help decision makers evaluate the e-learning project's performance under uncertainties. In order to simplify the use of such complex model, this study packages those analytical tools mentioned above into a simple agent-based system. Based on the concepts mentioned above, it is suitable to develop a performance agent for continuous e-learning projects. A performance agent for e-learning systems is assumed to satisfy one or many of the following requirements:
. autonomous information acquisition from online or off-line questionnaires for learner satisfaction;
. information transformation including quantitative and qualitative measurement;
. intelligent assistance for performance monitoring; and .
just-in-time alarm according to the result of performance evaluation.
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The design of performance agents framework for e-learning project evaluation is illustrated in Figure 1 . There are four functions inside a performance agent. Each function is also a component agent which can active and proactive independently:
(1) Collaboration functions. Takes care of the higher level interaction between users and other agents including conversation, brokering, and negotiation. It also maintains the collaboration between multiple agents according to BSC main perspectives with detailed objectives for management purpose. Furthermore, decision makers of e-learning project use this function to initialize and adjust parameters of objectives including objectives item, target value, weight. Finally, this function represents the performance analysis report, result in graph, or automatic alarm to user via web report, e-mail, or pager. (2 There are many qualitative/quantitative factors in e-learning projects based on the organizations' vision. Therefore, communication functions are required to connecting different kinds of data source. For example, users can usually collect data of qualitative factors like "learners' satisfaction" periodically from online/offline questionnaires while quantitative factors such as measurement of "usage frequency" or "efficiency of e-learning software" can be regularly retrieved from system log files. Note that advance discussion of the procedures in "knowledge function" is mentioned in previous research (Chiu et al., 2007) which is partially demonstrated below.
Constructing performance agents
The administrators must firstly identify the organization's e-learning goals then properly define the major perspectives of the e-learning project before and during project life cycle. Each perspective has several main objectives and goals that must be achieved. Balance scorecard is an efficient tool to explore the objectives from different roles in organizations. In this study, the four BSC perspectives identified based on (but not limited to [1] 
value.
Reaction evaluation is to find out how the learners feel about their learning experience. Learning evaluation is the measurement of the increase in knowledge, skill, and attitudes changed from before to after the learning experience. Behavior evaluation is the extent to verify the behavior change after the learners applied the knowledge they learned. Value evaluation is typically the organizational key performance indicators such as volumes, values, percentages, timescales, return on investment, and other quantifiable aspects. However, in most situations on e-learning planning, the "results" are generally intangible. This study follows the "result" concept of Kirkpatrick model but replaces it with the term "Value" to combine the general qualitative and quantitative factors into e-learning project evaluations. The concept to clarify define objects (agents) integrate Kirkpatrick learning model and balance scorecard is demonstrated in Figure 2 .
Meanwhile, this study uses ROA approach to obtain managerial information from BSC with Black and Scholes model (B and S model) (Black and Scholes, 1973) which have been widely adopted in real world applications to obtain option prices (Table I) .
The most widely adapted function of the BSC is the management performance system which can be used in various organizations to align its vision and mission by demonstrating four different dimensions: financial (result), customer (reaction), internal process (operation/behavior), and capacity (learning and growth). Several articles have found that the BSC system can be adapted to the evaluation of learning performance (Forbes and Hamilton, 2003) , while others discussed its application in tacit knowledge management (Mitri, 2003; Chen and Chen, 2005) . All these articles can help us to organize the confusion of e-learning evaluation by means of the BSC tool, something which has never been quite done before.
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Balanced Scorecard (BSC) is a methodology to solve challenges in balancing the theories of a strategy with its execution. The methodology is qualified for managing business strategy from top-down aligns strategic goals with objectives, targets, and metrics. It provides a balance between certain relatively forces:
. internal and external influences;
. leading and lagging indicators;
. financial and non-financial goals; and . it cascades to all levels of the organization.
Kaplan and Norton originally addressed the four perspectives (learning, internal, customer, financial) that can guide companies as they translate strategies into It is important to note that in mission-driven organizations like schools, government, or non-profit-oriented organization, the mission is not limited to the financial goals (but could include financial items). A BSC planning must be designed according to the goals and missions of the organization in order to apply e-learning environment to increase the firm's competition capabilities and values.
After successfully developed the perspectives and objectives of the e-learning project, the evaluation procedure introduces B and S model to address the expected value of each objective at the deadline. The core concept of the B and S model is that, assuming that there exists a portfolio containing a certain stock and its call option, adjusting the proper hedging ratio (ratio between stocks and its call options) can transiently maintain this portfolio in a risk-less state. If there are no arbitrage opportunities, then this portfolio merely makes risk-free returns. With this concept, Black and Scholes derived the option pricing formula:
where:
Note that N(.) denotes the cumulated normal distribution, C is the call option price, P is the put option price, S is the current value of the underlying asset, K is the exercise price, T is the remaining time to maturity (in years), s is the volatility of this underlying asset, and r is the risk-less interest rate. This study employs the notation of the B and S parameters to perform the BSC analysis and construct an analyzing structure illustrated in Table II . The individual objective is measured periodically to investigate its score of satisfactory and then transferred into a measure to indicate its relative current value as the objective index. The standard deviation of a certain objective measure is called volatility. Each measure of a certain objective has its target value to be achieved after T years indicating the feasible performance (satisfactory degree) requirement. Different weighting values are assigned to indicate the importance of each objective while keeping the sum of all weighting values equal to 1. If we add or remove any objective we must readjust the sum of the existing weighting values to 1: 
Each objective is measured in relative value compared to the last measuring point. For example, the proper measurement will be "I am more satisfied with our e-learning system compared to last month: score 0 to 4" rather than "I am satisfied with our e-learning system: score 0 to 4". The organization has to identify the investigating method (data collecting or questionnaire investigation) and configure the weighting factors for indicating the importance of each perspective PG and objectives WG. The growth rate rG can be greater (increase) or less (decrease) or equal (neutral) to zero. It is better to apply neutral perspective (rG ¼ 0) to the growth rate terms unless the objective score can be properly forecasted. The perspective weights can be determined by the consumed resource (or cost) of each perspective. The analyst can initially determine the weight of each objective by its percentage of consumed resource to the perspective.
When issuing questionnaires to e-learning users and IT staff members to collect intangible objectives information, the score is ranked as 0 (strongly disagree), 1 (disagree), 2 (neutral), 3 (agree) and 4 (strongly agree) to indicate the performance variation from the last checkpoint. All questions must be designed so that the higher score indicates the higher performance. Then, collect data to evaluate the tangible objectives. All quantitative values are then compare to the last checkpoint and transform the performance into 0 to 4 scores for each objective so as to indicate the performance from strongly decreased (score ¼ 0) to strongly increased (score ¼ 4).
The current measure is calculated with the following formula:
This formula indicates that the current measure will be 95 per cent of the previous measure if the score is zero and will be 105 per cent of the previous measure if the score is 4 (max variation is^5 per cent). For the first time issuing of the BSC, this study subjectively set PG ¼ 10.0 as its initial value. The 5 per cent variance and initial value 10.0 is subjectively set by this study, an analyzer may flexibly adjust these values without influencing the final results. Meanwhile, the current measure is derived from the previous measure that assures the objective measure varies in a form of Xi þ 1/Xi to emulate the option's underlying asset's price variation in the real world. This study assumes that ln (Xi þ 1/Xi) follows a normal distribution and thus X follows a lognormal distribution as B and S model suggests. The volatility can be derived as a standard deviation in nature log ln(.) from its previous measures. Assumes that the future volatility behaves like its previous n measures, and then the periodically standard deviation can be calculated as: EL 26,3
Where Std(.) denotes the standard deviation function. Suppose that the BSC is periodically measured every t days, the annual volatility will be:
s For a quantitative objective, the objective score can be measured as (with continuous compound interest rate method):
where c v indicates the current incremental rate, c p indicates the checkpoint counts. For example, the success condition of "user number" is "must exceed 2,000" indicates that this objective is failed if the final user number less than 2,000 while the organization will be strongly satisfied if the "user number" exceeds 2,200. Suppose that there are six months before the deadline and the user number is 1,400 at last month. The satisfactory investigation is regularly performed each month and the current user number is 1,491 at this month. Thus, the user number has to be increased 6.12 per cent (e 1nð2;000=1;400 6 ¼ 1.0612 implies 6.12 per cent increment) each month. However, if the user number increased 7.82 per cent (e 1nð2;200=1;400 6 ¼ 7.82 per cent increment) the result will be strongly satisfied. The current user increment rate is (1,491 2 1,400)/ 1,400 ¼ 6.5 per cent, thus the objective score is (0.065 2 0.0612)/((0.0782 2 0.0612)/2) þ 2 ¼ 2.44.
For a qualitative objective, the objective score can be measured as:
Where the objective's success point is measured as "at least ct satisfy counts and cs strongly satisfy counts cumulated" before deadline. Because the performance is evaluated by its slope (incremental rate), the target value K G equals to the objective's initial value. As a result, both quantitative and qualitative objectives are normalized into the "satisfactory level" and thus can be summarized in the same scale.
An objective index is defined as a value that indicates the expected gain for each objective exceeds its target value after T years. An objective fail index is defined as the expected value that an objective fails to exceed its success condition:
Performance evaluation
Comparing the expected success and fail values can generate the objective's success index. In order to provide a meaningful value, this study uses logarithm value Vr that positive means success (higher is better) and negative means fail:
The perspective index value indicates the total performance summarized from its objective indices:
The perspective fail index indicates the expected fail value that the entire perspective fails, which can be summarized from its objective fail indices:
Similarly, the perspective's success index can be calculated as:
The BSC index value can thus be summarized from four perspective indexes in (s1), also, the BSC fail index can be summarized from four perspective's fail indexes in (s2). Finally, the BSC success value can be calculated as (s3):
BSCSuccessValue ¼ lnðBSCindex=BSCFailIndexÞ ð s3Þ
A brief example Suppose that the entire BSC perspectives and objectives have been determined by the decision maker. C1 represents the first objective "Increase the enjoyment-of-use of e-learning environment" of reaction perspective. The success point of C1 is "at least three cumulated satisfied score must be achieved". The decision maker also determined the Reaction perspective weight ¼ 0.25 and objective weight of C1 is 0.6 according to the consumed resources. The previous measure of C1 at the first time and second time is 10.08 and 10.12 accordingly. The questionnaire score of C1 equals to 2.26 in the investigation performed at the third checkpoint. Based on the success point "at least three cumulated satisfied score must be achieved", the objective score of C1 can be calculated and thus the objective score of C1 is 1.94. For example, the current measure of C1 is S C1 ¼ 10.12 * (0.95 þ 1.94 * 0.025) ¼ 10.11. The volatility of C1 can thus be calculated as s C1 0 ¼ Std(10.08, 10.12, 10.11) ¼ 0.0208. Because we collect the questionnaires every specific period, for example, 30 days (t ¼ 30), thus s C1 ¼ 0.0727. The decision makers want to explore if the performance can exceed the organization's goals of the final deadline, the time to maturity can be calculated as T ¼ (checkpoint 2 -checkpoint 1)/365 ¼ 0.75 years (for example). Finally, the objective indexes of C1 can be calculated with parameters (S C1 , K C1 , s C1 , T, r C1 ) ¼ (10.11, 10.0, 0.0727, 0.75, 0) to obtain the objective index (G C1 ¼ 0.1852) and fail index (Z C1 ¼ 0.1220). Thus obtain the success value of C1 (V C1 ¼ 0.4169).After applying equation (s1) to (s3), performance agent based on BSC analyzing sheet can be illustrated as Figure 3 and a summary report in Figure 4 .
The system is originally developed via Excel, and under construction to an agent-based environment, to fulfill the continuous, dynamical, extremely change environment. Decision makers of e-learning projects can quickly figure out:
. the entire e-learning project is possible to succeed;
. the best performing perspective is value;
. the best performing objective is C1; and . objective F1 must be carefully monitored because it has largest objective index and fail index. Performance evaluation Figure 3 . A short example of performance agents of e-learning system Furthermore, "sensitivity analysis" in ROA is also a useful analysis process widely adopted by option traders, which are implemented in performance agent to provide advanced decision information. This analytical process measures how an option price responds to a small change in certain factors. By performing sensitivity analysis, decision makers can obtain additional information that is valuable for strategy planning and resource relocating. For example:
(1) Delta: refers to N(d1) of the B & S formula. Delta indicates the ratio that the underlying asset's price change will affect its option price. For example, Delta(G) ¼ 0.5 means that the call value will increase 0.5 point if S G increases 1 point. This factor can be applied to search the most efficient objective that can improve the BSC index value. In this case, we found that I2 is the most efficient objective (Delta(I2) ¼ 0.0401) to increase the BSC index value:
(2) Gamma: is used to evaluate the sensitivity of Delta or the acceleration of SG. This factor can be used to determine the potential efficiency of each objective. In this case Gamma(L9) ¼ 1.1665 obtained the largest value which indicates that L9 is the most potential objective to increase the entire e-learning project's performance:
2 (3) Vega: this factor can be used to evaluate the impact of volatility change to its call price. Vega can help the analyst address the most volatility sensitive objective in the BSC sheet. The Vega values are multiplied by the objective weight and the perspective weight to indicate the real impact on the final BSC index value. In this case, we found that I5 is most sensitive (Vega(I5) ¼ 0.2418) to the volatility change in our BSC objectives:
(4) Rho: is used to evaluate the influence of the risk-less interest rate. It can help the analyst to address the most valuable objective if the anticipated growth rate has changed:
(5) Theta: is used to evaluate the impact between time to maturity and the call price. It can help the analyst to address the most sensitive objective to T. In this Performance evaluation case, we multiplied the Theta with the objective and the perspective weights. This study found that I3 is the most sensitive objective (Theta(I3) ¼ 0.0351) if the e-learning check point varies from the pre-determined check point:
Conclusions
This study has proposed a framework for an agent-based performance system for e-learning project performance evaluation, which integrates the BSC approach and B and S model to evaluate an organization's e-learning project performance with both quantitative and qualitative factors. The applications of this framework are not limited to e-learning projects but could also be applied to various digital content systems. It can be flexibly adopted to evaluate any BSC-based investigations if the objectives are designed in relative measurement methods. With the help of performance agents, the entire system delivers meaningful information to help decision makers address the most success/weakest factors of the e-learning project under uncertainties. This framework can dynamically generate required managerial information dealing with uncertainties, which can greatly reduce the risks of project fail. Administrators can now use the proposed framework to dynamically fine tune their resources to maximize their e-learning project's effectiveness.
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